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Specificity of T cell receptors (TCRs) to major histocompatibility complex (MHC) might be intrinsic or
imposed by thymic selection. Van Laethem et al. (2007) propose that the sequestration of the kinase
Lck by coreceptors prevents the selection of non-MHC-reactive TCRs.Developing ab T cells are selected for
survival on the basis of the ability of
their T cell receptors (TCRs) to interact
with the myriad of self-major histo-
compatibility complex (MHC)-peptide
combinations expressed in the thy-
mus. Depending on the ‘‘strength’’ of
this interaction, thymocytes can un-
dergo three alternate fates, i.e., posi-
tive selection, negative selection, or
death by neglect (Starr et al., 2003).
The net outcome of these processes
is that all conventionalabT cells exhibit
specificity to MHC. An important and
still controversial question is how this
specificity for MHC is achieved. In prin-
ciple, there are two, not necessarily
mutually exclusive, possibilities: (1) the
preselection TCR repertoire recog-
nizes diverse ligands and is shaped
by thymic selection to recognize only
MHC or (2) the TCR is preadapted to
recognize MHC because of long
evolutionary selection (Jerne, 1971;
Blackman et al., 1986; Feng et al.,
2007). Despite efforts to address
this issue going back more than
10 years, it has so far defied definitive
resolution.
In a logical approach to this ques-
tion, Raulet and colleagues previously
examined whether the preselection
TCR repertoire was already biased
toward MHC recognition in double-
positive (DP) thymocytes from MHC-
deficient mice (Zerrahn et al., 1997).
The result of this study was that the
preselection repertoire did in fact con-
tain TCRs that recognized MHC and
that the proportion of preselection
thymocytes that showed alloreactivity
to any particular foreign MHC haplo-
type was similar to that of TCRs from
conventional MHC-selected SP thy-
mocytes. This argued strongly that
the preselection repertoire is inherentlyMHC reactive. An important assump-
tion in this study is that the repertoire
examined corresponds to the prese-
lection repertoire. Because DP thymo-
cytes do not respond to antigen-pre-
senting cell (APC) stimulation in vitro
and because it is difficult to generate
hybridomas directly from DP thymo-
cytes, this study actually examined
the TCR repertoire of single-positive
(SP) CD4 thymocytes generated upon
in vitro stimulation of MHC-deficient
DP thymocytes with antibodies against
TCRb and CD4. Curiously, all resulting
hybridomas were reactive to class II
MHC, raising the possibility that anti-
CD4 stimulation somehow biased the
repertoire toward MHC class II.
In a different strategy, Marrack and
colleagues have generated mice that
express the MHC class II molecule
IAb covalently bound to a single pep-
tide. This has the interesting conse-
quence that IA-restricted thymocytes
are positively selected on the basis of
their specificity for a single IA-peptide
combination but fail to undergo normal
negative selection because they lack
the full range of IA-peptide complexes
that would normally mediate deletion.
The selected TCRs in these mice
proved to be highly crossreactive to-
ward different self as well as foreign
MHC-peptide complexes, including
some TCRs reactive with both MHC
class I and class II, suggesting that
the TCR repertoire prior to negative se-
lection is enriched for broadly MHC-
reactive specificities (Ignatowicz et al.,
1996; Huseby et al., 2005). Interest-
ingly, this broad MHC reactivity ap-
pears to be relatively independent of
the surface-exposed variable amino
acid residues of the MHC-peptide
complex, leading the authors to sug-
gest that it reflects an innate ability ofImmunity 27,the TCR to recognize some conserved
feature of all MHC proteins. An impor-
tant caveat is that the T cells examined
in this study had undergone prior posi-
tive selection, so that their broad MHC
reactivity might not be representative
of the preselection repertoire but rather
of a repertoire already shaped by posi-
tive selection.
In this issue of Immunity, Van Lae-
them et al. (2007) revisit this subject
with a markedly different conclusion.
The authors had previously shown
that DP thymocytes do not respond to
stimulation by anti-TCR alone because
a large proportion of Lck kinase, a
critical effector of TCR signaling, is
sequestered by CD4 and CD8 and
is therefore not available for corecep-
tor-independent TCR signaling (Wiest
et al., 1996). This suggested that in
DP thymocytes, the sequestration of
Lck by coreceptors might prevent li-
gand-induced signaling by corecep-
tor-independent TCRs, i.e., TCRs that
recognize ligands other than MHC,
thus imposing MHC specificity during
positive selection (Figure 1). To test
this hypothesis, Van Lathem et al. have
undertaken the daunting task of gener-
ating mice that lack surface expression
of all MHC molecules as well as both
coreceptors, so-called quad-deficient
mice. A direct prediction of their model
is that if TCRs with reactivity to thymic
ligands other than MHC exist, they
should be able to transmit signals and
undergo positive selection in quad-
deficient mice.
Initial in vitro experiments show that
calcium flux in response to stimulation
with TCR antibody alone is enhanced
in preselection thymocytes by the ab-
sence of surface coreceptors and, in
fact, reaches amounts equivalent to
those induced in wild-type thymocytesNovember 2007 ª2007 Elsevier Inc. 691
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PreviewsFigure 1. Model of Lck Sequestration by Coreceptors in CD4+CD8+ Thymocytes
In thymocytes, most Lck is bound to the cytoplasmic tails of the CD4 and CD8 coreceptors, whereas a small proportion exists in a free form not func-
tionally linked to coreceptors. Bound Lck mediates signaling primarily through MHC-reactive TCRs, whereas free Lck is equally available to MHC-
reactive and non-MHC-reactive TCRs. Van Laethem et al. propose that the sequestration of Lck by coreceptors in CD4+CD8+ thymocytes limits
the availability of free Lck for signaling through non-MHC-reactive TCRs and thus prevents the effective TCR signaling and positive selection of
non-MHC-reactive thymocytes. This might explain in part how MHC specificity is imposed on the TCR repertoire.upon treatment with both anti-TCR
and anti-CD4. This demonstrates that
coreceptors interfere with coreceptor-
independent TCR signaling in prese-
lection thymocytes. The enhancement
of TCR signaling in the absence of
coreceptors is demonstrated in vivo
by increased CD5 expression and
CD3z phosphorylation in quad-defi-
cient compared to MHC-deficient thy-
mocytes. The proportion of mature
TCRhi HSAlo thymocytes and periph-
eral T cells was substantially increased
in quad-deficient compared to MHC-
deficient mice, suggesting a relative
improvement in positive selection (al-
though proportions remain much lower
than for wild-type mice).
Of most interest, quad-deficient mice
provide a source of T cells that were
selected in the absence of MHC and
without influence of exogenous anti-
body stimulation. In order to assess
the ligand specificity of quad-deficient
T cells the authors tested their re-
sponse to APCs expressing self- and
allo-MHC or lacking MHC altogether.
Strikingly, both total lymph node cells
from quad-deficient mice and indivi-
dual T cell hybridomas derived from
these mice all respond to MHC-defi-
cient targets, including both
B2m/Abb/ and B2m/MHCIID/D
targets, the latter lacking all MHC class
II genes. Cells with similar specificities
arise in Cd4/Cd8/ mice, demon-
strating that the generation of MHC-in-
dependent specificities is due to the692 Immunity 27, November 2007 ª2007absence of coreceptors and not to the
absence of MHC.
These experiments clearly demon-
strate that MHC-independent TCR
specificities can arise in vivo. This nev-
ertheless does not preclude that the
TCR might be preadapted to recog-
nize the MHC, for two reasons. First,
it is unclear how Quad-deficient T cells
are selected and therefore whether
their TCR specificities are representa-
tive of the preselection TCR repertoire.
Because the MHC-independent reper-
toire has been selected under con-
ditions in which MHC reactivity is ir-
relevant, only TCR specificities that
can recognize non-MHC ligands
would undergo selection and accumu-
late in the periphery. These might be
very rare, as suggested by the low fre-
quency of TCRhi thymocytes that have
undergone positive selection in quad-
deficient mice. Van Lathem et al.,
however, argue that MHC-indepen-
dent thymocytes are not rare in the
preselection repertoire but mostly un-
dergo negative selection, presumably
because of enhanced TCR signaling
in the absence of coreceptors. Sup-
port for this idea is provided by in-
creased apoptosis in quad-deficient
thymi and the restoration of TCRhi thy-
mocytes and normal peripheral T cell
numbers in quad-deficient mice by
the expression of a Bcl2 transgene.
To definitively resolve this issue would
require determining the proportion of
MHC-independent cells in the prese-Elsevier Inc.lection repertoire. An alternative possi-
bility is that quad-deficient thymocytes
do not require an external ligand for
maturation but that increased ‘‘free’’
Lck can mimic a TCR selection signal,
similar to the situation in mice deficient
for Csk, a negative regulator of Lck,
giving rise to SP CD4 cells even in the
absence of TCR expression (Schmedt
et al., 1998). If this were the case, the
repertoire of quad-deficient T cells
might correspond to the preselection
repertoire. Consistent with ligand-in-
dependent signaling, quad-deficient
thymocytes in the AND TCR transgenic
mice exhibit CD5 upmodulation and
enhanced CD3z phosphorylation, even
though the normal class II selecting
ligand is not expressed. The authors
argue against ligand-independent sig-
naling because suspension cultures of
AND quad-deficient thymocytes un-
dergo a reduction in CD3z phosphory-
lation and an increase in TCR surface
expression, both of which are ex-
pected outcomes of interrupting TCR
signaling. This should be tested fur-
ther, for instance, by backcrossing to
a TCRa-deficient background.
Second, the specificities of MHC-in-
dependent T cells from quad-deficient
mice are incompletely defined, in par-
ticular whether they are incapable
of recognizing MHC or whether they
are crossreactive with both MHC and
non-MHC ligands. If they are crossre-
active, this would actually support that
the TCR is preadapted to recognize
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require identifying the predominant
non-MHC ligand(s) to which MHC-
independent T cells respond and show-
ing that they fail to respond to MHC+
targets when this ligand(s) is lacking.
Regardless of these unresolved is-
sues, this study demonstrates for the
first time that MHC-independent TCR
specificities can arise in vivo and pro-
vides a unique perspective on the role
of coreceptor molecules in thymic se-
lection, i.e., the concept that corecep-
tors might block the positive selection
of non-MHC-restricted TCRs by with-
olding access to Lck. Further workThe Regulatory T
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The regulatory T (Treg) cell tra
respond to different activators.
interactions among the differen
transcriptosome.
The emergence of regulatory T (Treg)
cells as a T cell lineage dedicated
to the maintenance of immunological
tolerance has spurred efforts to iden-
tify the components of Treg cell tran-
scriptional circuits and elucidate their
higher-order organization. The driving
premise behind such a molecular ap-
proach is that it would help elucidate
how the Treg cell lineage develops
and by which means it attains and exer-
cises its regulatory functions. That Treg
cells are endowed with a distinct ge-
netic signature was rapidly established
by transcriptional profiling studies,
which revealed a reproducible set of
canonical transcripts that together
distinguish Treg from conventional T
(Tconv) cells (Fontenot et al., 2005b).
Interest in the Treg cell genetic signa-will be required for the establishment
of the validity of this conceptually
elegant model.
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Nevertheless, it has become clear
that Foxp3, although essential for
Treg cell-differentiated functions, does
not fulfill the role of a ‘‘master reg-
ulator’’ of the Treg cell transcripitional
programs. For one thing, a sizeable
portion of the Treg cell signature is
shared with activated T cells, whose
expression of Foxp3 is either low and
transient or altogether lacking, such
as in activated T cells that are Foxp3
deficient. Furthermore, the interleu-
kin-2 (IL-2) pathway, which plays a crit-
ical role in the maintenance of Treg
cells in the periphery, accounts for an-
other subset of the signature involved
in Treg cell fitness (Fontenot et al.,
2005a). Yet a third subset can be as-
cribed to the action of transforming
growth factor-beta (TGF-b) which,
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